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(54) Magnetic rotary sensor 

(57) A metering device has a magnet with ten poles 
which is driven to rotate by a gear connected to a source 
of rotation which is proporllonal to fluid flow, the passage 
of time, or other phenomenon. A reed switch is mounted 
so that rotation of the poles of the magnet, into and out 
of a position adjacent to the reed switch causes the reed 
switch to open and close as the magnet rotates. The 



opening and closing of the reed switch causes a step 
change In voltage applied to an electronic device which 
increments a counter A second reed switch spaced 
from the rotating magnet sufficiently so that it remains 
normally closed can act as a sensitive device for detect- 
ing the presence of extraneous magnetic fields which 
might interfere with the operation of the first reed switch. 
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Description 

[0001] The present invention relates to meters which 
convert mechanical rotation into an electronic signal. 
[0002] A large variety of meters are designed to 
measure a flow of fluid, such as water or gas, or meas- 
ure a flow of electricity over time. Typically the flow is 
used to generate mechanical rotation which operates 
through a gear train to produce a dial indication of total 
quantity. Examples are odometers, water meters, gas 
meters, electrical meters, hour meters, etc. These de- 
vices were largely developed before the advent of mod- 
ern digital circuitry. Today many meters are read remote- 
ly or by a digital computer or microprocessor. Thus an 
hour meter oh a piece of equipment may need to send 
a digital signal to a microprocessor which controls and 
monitors that equipment. Water meters for example can 
be read remotely, for example outside a building or 
home, to facilitate manual reading. A remote reading 
may also be accomplished over the phone or by radio 
or satellite linked to a central computer. 
[0003] The ubiquitous nature of metering devices 
means cost, together with high reliability, is a prime con- 
sideration. A highly reliable mechanical switch generally 
means a reed switch, with its hermetically sealed con- 
tacts and life of up to one billion cycles without failure, 
depending on the current applied to the circuit. Meter 
mechanisms have been modified to produce an electri- 
cal output by mounting a magnet on the mechanical out- 
put dial and detecting rotation of the magnet with a reed 
switch. Unfortunately, tampering with the meter is al- 
ways a concern where the meter output is used to cal- 
culate a charge to a consumer. 
[0004] What is needed is a way to convert a rotating 
dial output to a digital electrical signal which is of greater 
resolution and which can detect tampering. 
[0005] According to a first aspect of the invention 
there is provided an apparatus for converting a rotary 
motion communicated from a gear train to a series of 
switch openings and closings which can be interpreted 
as digital bits, comprising: 

a housing; 

a platter mounted for rotation about an axis to the 
housing, the platter having a magnet receiving sur- 
face and a gear engaging means mounted thereto; 
a magnet mounted to the magnet receiving surface 
of the platter, the magnet having a multiplicity of 
poles arranged sequentially equally radially spaced 
about the axis of rotation, the rotation of the magnet 
defining a circular path along which the magnetic 
poles are sequentially arrayed; 
a circuit board mounted to the housing; 
a first reed switch having a first reed switch axis, the 
first reed switch being mounted to the circuit board 
and positianed so the first reed switch axis closely 
spaced from the magnet and parallel to a tangent 
of the circular path defined by the magnet so that 
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rotation of the magnet with the platter causes the 
first reed switch to open and close once for each of 
said multiplicity of poles for each complete rotation 
of the magnet; 

a second reed switch mounted to the circuit board 
and closely spaced to the second reed switch but 
sufficiently spaced from the magnet so that rotation 
of the magnet does not cause the second reed 
switch to close, the second reed switch for detecting 
extraneous magnetic fields so as to detect tamper- 
ing- 

[0006] In one embodiment a metering device of this 
invention employs a magnet with ten poles which Is driv- 
en to rotate by a gear connected to a gear train which 
is connected to a source of rotation which is proportional 
to fluid flow, the passage of time, or other phenomena 
A reed switch is mounted so that rotation of the poles of 
the magnet, into and out of a position adjacent to the 
reed switch, causes the reed switch to open and close 
as the magnet rotates. The opening and closing of the 
reed switch results in a step change in voltage applied 
to an electronic device which increments a counter. The 
result is a device which utilizes a reed switch to convert 
rotary motion into an electronic signal which can be eas- 
ily transmitted to and processed by a computer. 
[0007] According to another aspect of the invention 
there Is provided a metering device comprising a mag- 
net having a multiplicity of poles, the magnet being driv- 
en to rotate by a gear connected to a gear train which 
is connected to a source of rotation proportional to some 
phenomena, the device further comprising a reed switch 
mounted so that rotation of the poles of the magnet 
causes the reed switch to open and close as the magnet 
rotates, and comprising a second reed switch sufficient- 
ly spaced from the magnet so that it remains normally 
closed and which will open upon the presence of an ex- 
traneous magnetic field. 

[0008] Many metering devices are used to charge 
customers for tho amount of some commodity con- 
sumed such as water, gas or electricity and so can pro- 
vide a motivation for tampering. A second reed switch 
sufficiently spaced from the rotating magnet so that it 
remains normally closed can act as a sensitive device 
for detecting the presence of extraneous magnetic 
fields. Such extraneous magnetic fields can interfere 
with the operation of the first reed switch which acts to 
sense rotation of the multi-pole magnet. 
[0009] The metering device may be designed for rapid 
human or robotic assembly The components which 
make up the system for converting rotation into an elec- 
tric signal consists of: a circuit board on which the rota- 
tion sensing reed switch and tamper sensing reed 
switch are mounted, together with resistors which are 
connected in series with the reed switches to limit the 
current flow through the circuit formed when the reed 
switch closes; a magnet carrier having a platter and a 
post extending from the platter; a ten-pole magnetic disk 
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which is positioned on the platter like a record on a 
record player. A gear train is connected between a flow 
sensor and the platter which carries the multi-pole mag- 
net. 

[0010] The magnetic disk Is retained by opposed re- 
silient plastic fingers which extend upwardly from the 
platter through opposed slots and overlie the magnet. 
The magnet carrier can be a simple injection moulded 
part. The circuit board nnay be manufactured in accord- 
ance with the highly automated processes which have 
been developed for printed circuit board manufacture. 
The individual parts are readily assembled by simple 
placement on a suitable housing which incorporates the 
drive gear train and an upper face through which the dial 
rotates to drive a dial indicator. 
[001 1 ] It is a feature of the present invention to provide 
a means for converting rotary motion into a digital signal. 
[0012] It is a further feature of the present invention 
to provide a mechanism for utilizing a reed switch to de- 
tect rotary motion. 

[0013] It is a still further feature of the present inven- 
tion to provide a meter for measurement of fluid flow 

over time which can detect tampering. 
[0014] It is another feature of the present invention to 
provide a meter for measurenrient of fluid flow with great- 
er resolution. The platter comprises frictional means 
which reduce gear backlash and hence vibration. 
[0015] Further objects, features and advantages of 
the invention will be apparent from the following detailed 
description when taken in conjunction with the accom- 
panying drawings, in which: 

FIG. 1 is an isometric view of the components of this 
invention used to convert rotary motton to an elec- 
tronic signal mounted on an application - specific 
meter housing. 

FIG. 1 (a) is a view similar to fig.1 with the fascia 
and magnet arrangement removed showing the 
PCB, 

FIG. 2 is a top plan view of the circuit board and 
rotary magnet of the device of FIG.1, 
FIG. 3 shows an alternative arrangement of the cir- 
cuit board and rotary magnet, 
FIG. 4 shows an alternative second reed switch to 
the second reed switch of figs. 1 and 2, 
FIGS. 5-7 shows various ways of mounting an aux- 
iliary magnet to the seciond reed switch, in particu- 
lar: 

FIG. 5 shows an auxiliary magnet insert moulded 
into a sleeve surrounding the second reed switch, 
FIG. 6 shows an auxiliary magnet in a sleeve in the 
form of a clip, 

FIG. 7 shows a tube-like sleeve magnetised so as 
to become an auxiliary magnet, and 
FIG. 8 shows an alternative circuit board layout to 
that in figures 1 and 2. 

[0016] Referring more particularly to FIGS. 1-2, 



wherein like numbers refer to similar parts, an apparatus 
20 for converting rotary motion to an electronic signal is 
shown. The components consist of a disk shaped mag- 
. net 22 which is mounted on a platter 24. The magnet is 
5 an isotropic ferrite (sintered). The platter 24 is part of an 
assembly which is keyed to a gear 26 which is driven by 
a gear train (not shown). The platter 24 is mounted for 
rotation about an axis 32 to a housing 28. A post 30 ex- 
tends upwardly from the platter 24 along the axis of ro- 
tation 32. Such information may be useful in situatbns 
where a commodity like water is being measured, where 
flow rate information may have independent utility apart 
from metering quantity used. 

[0017] It is desirable to mount the magnet 22 on the 
slowest moving portion of the gear train to minimize any 
effects of the inertia of the magnet. Further it is desirable 
to presen/e as much of the characteristics of the existing 
mechanical meter as possible to preserve design expe- 
rience and minimize cost. 

[0018] As shown in FIG. 2, the magnet 22 has a cen- 
tral hole 34 and two rectangular openings 36 which ex- 
tend from the hole 34 to form a single slotted hole 38. 
Two resilient fingers 40 extend upwardly of the platter 
24. The resilient fingers 40 have inclined surfaces 42 
which slope away from the axis of rotation 32. The in- 
clined surfaces 42 cooperate with portions of the mag- 
net 22 which form the rectangular openings 36 to bend 
the fingers 40 toward the central post 30, thereby albw- 
ing the magnet 22 to pass over the fingers 40. The fin- 
gers 40 have barbs 46 which fix the magnet 22 against 
rotation and translation with respect to the platter 24. 
The rectangular openings 36 may be provided with un- 
derside chamfers 43 to further aid in pressing the mag- 
net down over the barbs 46 of the fingers 40. - 
[0019] The gear 26 Is engaged by a gear train (not 
shown) which supplies rotary motion from a device such 
as an impeller which is caused to rotate by a flow of wa- 
ter, as in a water meter. The magnet 22 has ten magnetic 
poles 48 arranged around the periphery 50 of the mag- 
netic disk 22. Rotation of the platter 24 causes the mag- 
net to rotate about the axis of rotation 32. 
[0020] A circuit board 52 is mounted to the housing 
28 by portions 54 of the housing 28 which form a slot 
which fixedly positions the circuit board 52 with respect 
to the magnet 22 and platter 24. The circuit board com- 
prises a first reed switch 56 which is positioned so the 
axis of the reed switch 56 is substantially tangential to 
and in the plane of the rotatable magnetic disk 22. The 
first reed switch 56 is of known form A Type (that is to 
say, a one pole arrangement). Thus, rotation of the disk 
sequentially brings each magnetic pole 48 into a posi- 
tion adjacent the central activation region 58 of the reed 
switch 56. The glass capsule of the reed switch 56 is 
spaced from the magnet 22. 
55 [0021] in FIG. 3 another embodiment of the invention 
is shown. All parts in FIG.3 correspond with parts in 
FIGS.1 and 2 and carry the same reference numerals. 
However, the orientation of the first reed switch 56 rel- 
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ative to the magnet 22 is different The first reod switch 
56 is now arranged beneath the magnet 22 looking ax- 

ially of the magnet, 

[0022] The reed switch 56 is arranged in line with a 
point of the magnet adjacent to the periphery 50 as 
shown in fig. 3. Conveniently, the circuit board 52 is 
turned approximately 90** However, the orientation of 
the circuit board 52, and hence the first reed switch 56 
in relation to the magnet is different. The first reed switch 
now lies so as to coincide with the periphery 50 of the 
magnet 22 as the periphery is extrapolated in the direc- 
tion of a axis of rotation 32. Conveniently, the circuit 
board 52 is turned to approximately 90^ with respect to 
its configuration of FIG. 1 and the circuit board 52 pro- 
vides support to the reed switch 56. 
[0023] When the magnet 22 is in the configuration de- 
scribed immediately above it is necessary for the mag- 
netism characteristics of the magnet 22 to be different 
to those of the magnet of FIGS. 1 and 2, i.e. the magnet 
22 is axially magnetised as opposed to the radially mag- 
netised 22 of FIGS. 1 and 2. In that arrangement, in use, 
magnetism flows from the magnet 22 into the page in 
FIG. 3 towards the first reed switch 56. 
[0024] Instead of a reed switch 56, a Hall effect type 
or giant magnet resistive (GMR) type sensor may be 
used. 

[0025] Each pole of a magnet 22 induces an opposite 
pole in the reed switch providing the magnetic couple 
which causes the reed switch 56 to close. Between 
poles 48, the reed switch 56 opens, so the magnet 22 
with ten poles results in ten openings, and ten closings 
of the reed switch. The reed switch 56 is configured and 
positioned so that for a constantly rotating magnet the 
reed switch is closed for part of the time and open for 
part of the time. The ratio between closed/open cycles 
facilitates the operation of the circuitry monitoring the 
rotation of the magnet 22. The ratio can be varied de- 
pending on the strength of the magnet and sensitivity of 
the reed switch. 

[0026] A first resistor 60 which is connected in series 
with the first reed switch 56 is also mounted to the circuit 
board 52. The resistor 60 serves to limit the current flow 
through the first reed switch 56 and match the current 
flow to the counting circuitry (not shown). If reed switch 
current is limited, failure free performance of over one- 
hundred-million cycles is possible. 
[0027] A second reed switch 62 of the so-called 
FORM C configuration is mounted to the circuit board 
52 spaced from the magnet 22 so that it is not actuated 
by the rotation of the magnet 22. A FORM C reed switch 
has one movable reed 63 and two stationery reed con- 
tacts 65, 67. All three reeds are ferromagnetic, however 
the contact area of the first fixed reed 65, against which 
the movable reed 63 is biased, is formed of a non-mag- 
netic metal which has been welded to the ferromagnetic 
lead 65. When exposed to a magnetic field, both fixed 
reeds 65, 67 assume the same polarity, which is oppo- 
site that of the movable reed 63, due to the non-mag- 



netic metal, which forms a flux interrupter, the only at- 
tractive force of sufficient magnitude is between the 
moveable reed 63 and the contact on normally open 
reed 67 so the moveable reed 63, transfers from the 
s contact on the normally closed reed 65 to the contact 
on the normally open reed 67. 

[0028] The FORM C reed switch 62 provides a posi- 
tive indication of being present through the normally 
closed contact 65 and provides a means of detecting an 
'0 extraneous magnetic field through the nomnally open 
contact 67. Extraneous magnetic fields such as those 
caused by a magnet intentionally or accidentally posi- 
tioned to interfere with the operation of the first reed 
switch 56 will cause a switch from the normally closed 
contact to the normally open contact. Because meters 
employing an apparatus 20 often are used to generate 
a usage charge based on the amount of a commodity 
metered, an indicator of tampering is critical. 
[0029] A second resistor 64 is mounted in series with 

20 the normally closed reed 67 of the second reed switch 
62 to again limit current flow to the circuitry detecting 
tampering (not shown). The second reed switch 62 is 
connected to a common ground and connects the cir- 
cuitry detecting tampering through the second resistor 

2S 64 to the common ground (not shown). The first reed 
switch 56 is connected between the rotation detecting 
circuit (not shown) and the common ground so that 
when the first reed switch closes It connects the sensor 
rotation detecting circuit (not shown) to ground through 

30 the first resistor 60. 

[0030] In FIG, 4 a further second reed switch 67 of a 
different kind is shown . Whereas the second reed switch 
62 of FIGS. 1 and 2 uses a two-pole (commonly called 
a form C) arrangement, in FIG. 4 the second reed switch 

3S 62 has a one-pole (commonly called a Form A) arrange- 
ment. This second reed switch 62 has an auxiliary mag- 
net 68 fitted thereto. This is know an "biasing" the sec- 
ond reed switch 62 i.e. causing it to be in a closed con- 
dition. The auxiliary magnet 68 may be glued to the sec- 

40 ond reed switch 62. It will appreciated that the auxiliary 
magnet 68 need only be small relative to the magnet 22. 
[0031] In another development which overcomes the 
problem of gluing the auxiliary magnet 68 to the 11cm 
of reed switch 62 which is messy, permanent, time con- 

45 suming and hence costly, the auxiliary magnet 68 is 
mounted on, or indeed takes the fomi of, a sleeve 70 as 
shown in FIGS. 5, 6 and 7. 

[0032] The sleeve 70 may be made of plastics mate- 
rial. 

so [0033] More specifically, referring to FIG. 5 the auxil- 
iary magnet 68 is insert moulded into the sleeve 70. The 
sleeve 70 takes the form of casing and surrounds the 
second reed switch 62. The auxiliary magnet 68 must 
be magnetised after the insert moulding process. 

55 [0034] Referring to FIG. 6, the sleeve 70 is in the form 
of a resilient clip. It is tubular and has an opening along 
Its length to allow it to be push-mounted onto the second 
reed switch 62. The sleeve 70 has an enlarged section 
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72, the auxiliary magnet 68 is located within the en- 
larged section 72. The opening 71 along the length of 
the sleeve 70 allows swift removal of the sleeve 70 from 
the second reed switch 62. 

[0035] Referring to FIG. 7. the sleeve 70 is tube-like. 
The sleeve 70 is magnetised to become the auxiliary 
magnet 68. It Is then slidably located on the second reed 
switch 62. 

[0036] The immediately preceding disclosure only 
highlights a few ways in which the auxiliary magnet 68 
could be mounted on the second reed switch 62. Obvi- 
ously other types of sleeve 70 and Indeed means other 
than the sleeve could be utilised. 
[0037] FIG.8 shows a circuit board 52 having an al- 
tered track layout. The layout houses the second reed 
switch 62. The components 56, 62, 64 and 72 have a 
different configuration to that of FIG.1 . 
[0038] It should be understood that the housing ar- 
rangement and structure will depend on the particular 
meter into which the apparatus Is incorporated. It should 
also be understood that the electronics which commu- 
nicate with the circuit board may do so through wires 
soldered to the board or through a connector, interfaced 
directly with the board. Further wires soldered to the 
board may be led to connectors up mounted to the hous- 
ing. Such housing connectors can then be connected to 
wires leading to a computer Input circuitry or communi- 
cation circuitry. 

[0039] The gear train will determine the relationship 
between the measured flow and the rate of rotation of 
the disk. It will typically be chosen so the disk rotates at 
a rate which allows detection of minimum flow, and easy 
assessment of rate during maximum flow. For a typical 
water meter one rotation of an indicating dial will corre- 
spond to one gallon of water metered. The platter com- 
prises frictional damping means which reduces gear 
backlash and hence vibration. 
[0040] It should be understood that a gear may be In- 
corporated into and Integral with the platter and be driv- 
en by a gear forming part of a gear train. 
[0041] It should be understood that the Invention Is 
not limited to the particular construction and arrange- 
ment of parts herein illustrated and described, but em- 
braces such modified forms thereof as come within the 
scope of the following claims. 
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Claims 



An apparatus for converting a rotary motion com- 
municated from a gear train to a series of switch 
openings and closings which can be Interpreted as 
digital bits, comprising: 

a housing; 

a platter mounted for rotation about an axis to 
the housing, the platter having a magnet receiv- 
ing surface and a gear engaging means mount- 
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ed thereto; 

a magnet mounted to the magnet receiving sur- 
face of the platter, the magnet having a multi- 
plicity of poles arranged sequentially equally 
radially spaced about the axis of rotation, the 
rotation of the magnet defining a circular path 
along which the magnetic poles are sequential- 
ly arrayed; 

a circuit board mounted to the housing; 
a first reed switch having a first reed switch ax- 
is, the first reed switch being mounted to the 
circuit board and positioned so the first reed 
switch axis closely spaced from the magnet and 
parallel to a tangent of the circular path defined 
by the magnet so that rotation of the magnet 
with the platter causes the first reed switch to 
open and close once for each of said multiplicity 
of poles for each complete rotation of the mag- 
net; 

a second reed switch mounted to the circuit 
board and closely spaced to the first reed 
switch but sufficiently spaced from the magnet 
so that rotation of the magnet does not cause 
the second reed switch lo open; the second 
reed switch for detecting extraneous magnetic 
fields so as to detect tampering. 

The apparatus of Claim 1 wherein the first reed 
switch is of a single pole type. 

The apparatus of Claim 1 wherein the second reed 
switch |s of a single pole type. 

The apparatus of Claim 1 wherein the second reed 
switch is of the type having a single movable reed 
and two stationery contacts, and wherein the move- 
bale reed is biased against a first contact when an 
external field is not present. 

The apparatus of any preceding claim wherein the 
magnet has ten poles. 

The apparatus of any preceding claim wherein the 
magnet Is held positioned to the rotating platter by 
resilient fingers v/l-ilch engage the magnet when it 
is pressed into engagement with the magnet receiv- 
ing surface. 

The apparatus of any preceding claim wherein the 
platter has a post extending along the axis of the 
platter, and a dial indicator attached to the post for 
making visually apparent the rotation of the platter. 

An apparatus according to any preceding claim, 
wherein the magnetic poles are adapted so that 
magnetism flows parallel to the axis of rotation of 
the magnet and the first reed switch is adapted to 
lie axlally in line with the poles. 



BNSOOCID: <£P 1079207A2 I > 



EP 1079 207 A2 10 



9. An apparatus according to any preceding claim, 
wherein the magnetic poles are adapted so that 
magnetism flows radially away from the axis of ro- 
tation of the magnet and the first reed switch is 
adapted to lie radially in line with the poles. s 

10. A metering device comprising a magnet having a 
multiplicity of poles, the magnet being driven to ro- 
tate by a gear connected to a gear train which is 
connected to a source of rotation proportional to to 
some phenomona, the device further comprising a 
reed switch mounted so that rotation of the poles of 
the magnet causes the reed switch to open and 
close as the magnet rotates, and comprising a sec- 
ond reed switch sufficiently spaced from the magnet 

so that it remains normally closed and which will 
open upon the presence of an extraneous magnetic 
field. 
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(54) Magnetic rotary sensor 

(57) A metering device has a nnagnet with ten poles 
which is driven to rotate by a gear connected to a source 
of rotation which is proportional to flu id flow, the passage 
of time, or other phenomenon. A reed switch is mounted 
so that rotation of the poles of the magnet, into and out 
of a position adjacent to the reed switch causes the reed 
switch to open and close as the magnet rotates. The 



opening and closing of the reed switch causes a step 
change in voltage applied to an electronic device which 
increments a counter. A second reed switch spaced 
from the rotating magnet sufficiently so that it remains 
normally closed can act as a sensitive device for detect- 
ing the presence of extraneous magnetic fields which 
might interfere with the operation of the first reed switch. 
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